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Abstract — Safety management has become even more important because of the safety and environmental issues that
have arisen since the 2000s. However, the safety study requires many empirical data, so there are many limitations. In
the case of pipe safety, simulation programs exist, but it is difficult to get data about the pipe internal erosion of the pipe.
In this study, the erosion rate of the pipe elbow was simulated using computational fluid dynamics (CFD). Also, the fail-
ure period of the pipe was calculated by the limit state function using erosion rate. In the case of CFD pipe, a sample
which is actually operated in Yeosu industrial complex was used, and the geometry and mesh formation were rational-
ized in terms of typical fluid dynamics simulations. Using the Discrete Phase Model (DPM) and the corrosion model, the
erosion rate (3.09227 mm-yr'') was obtained from CFD simulations. As a result of applying the erosion rate to the limit
state function, we obtained the pipe failure period value, 14.2 years to trigger a leak and 28.2 years to trigger a burst.
Through these processes, we concluded that pipe erosion is one of the major failure modes. In addition to the results, this
study has significance for suggesting the methodology of the pipe safety study.
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Table 1. Pipe Geometry

Geometry Unit Value
Pipe Diameter [mm] 250
Entrance Length [mm] 4731.1
Pipe Length after Elbow [mm] 1000
Inner Radius of Elbow [mm] 250
Outer Radius of Elbow [mm] 500
Elbow Angle [degree] 90
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Table 2. Pipe Parameters for Entrance Length

Parameters Unit Value
Pressure [bar] 28.44
Temperature [°C] 25
Viscosity [kg'm's] 6.095¢-05
Density [kg'm™] 432
Inlet velocity of Ethylene [msT] 2.122e-02
Reynolds Number [Dimensionless] 37601(Turbulent)
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Fig. 1. Pipe Geometry.
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Fig. 2. Pipe Longitudinal section Mesh.
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Fig. 3. Pipe Elbow part Mesh.
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Table 4. Pipe Elbow Erosion Parameters

Parameters Unit Value
Particle Diameter [m] 1.500e-4
Particle inlet velocity [ms] 2.122e-3
Coefficient of restitution [Dimensionless] 0.8
Particle flow rate [kg's™] 0.02

Shape factor [Dimensionless] 1 (spherical)
Brinell hardness [BH] 600 (Carbon steel)
Particle Density [kg'm™] 2650 (Sand)
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Fig. 4. Pipe Elbow Erosion Rate Result.
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Table 5. Calculate Max Erosion Rate
Item Unit Value
Density (Carbon Steel) [kg'm™] 7850
Max Erosion Depth Rate [kg-m2-s 7.697¢-07
[m-s™ 9.806e-11
[mm-yr'] 3.092
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Table 6. Pipe Burst Parameters
Item Unit Value

Mean erosion growth rate [mm-yr'] 1.546
Erosion Length [mm] 390
Tensile strength [MPa] 413.7
e,, burst parameter 1 [Dimensionless] 1.04
e,, burst parameter 2 [Dimensionless] 1.469¢-3
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Nomenclatures
Agpee @ Wall Area [mm?]
B : Brinell hardness [BH]
Cp : Drag coefficient [Dimensionless]
C, : Skin friction [Dimensionless]
Ci, : Numerical parameter of € [Dimensionless]
C,, : Numerical parameter of ¢ [Dimensionless]
D : Pipe diameter [mm]
d, : Average erosion depth [mm]
d,. :Max erosion depth [mm]
d, : Particle diameter [m]
E; : Component of rate of deformation
e : Burst model error factor 1 [Dimensionless]
e, : Burst model error factor 2 [Dimensionless]
l_%dmg : Drag force [kg'm-s?]
F, : Particle shape coefficient [Dimensionless]
g : Gravitational acceleration [m-s?]
k : Turbulent kinetic energy [m>s?]
1 : Erosion length [mm]
m : Folias factor [Dimensionless]
m, : Mass of the particle [kg]
m, : Particle flow rate of mass [kgs]
P : Operating Pressure [bar]
Re : Reynolds Number [Dimensionless]
T, : Estimated Pressure resistance including model error [MPa]
I, : Calculated pressure resistance [MPa]
Iy : Pressure resistance for perfect pipe [MPa]
t : Pipe wall thickness [mm]
u : Free stream velocity [m's™]
ug,.  : Friction Velocity [m-s?]
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u; : Velocity component in corresponding direction [m-s™]
i : Fluid velocity vector [m-s]
@ : Particle velocity vector [m-s™']
v : Relative particle velocity [m-s™']
v : Velocity vector [m's™]
y : Wall Distance [m]
y* : Y+ value [Dimensionless]
a : Impact angle [Degree]
€ : Dissipation [m*s~]
n : Viscosity of fluid [kg:m™s™]
p : Density of fluid [kg'm™]
Py : Density of the particle [kg'm™]
T, : Wall shear stress [kg'm™-s]
1, : Eddy viscosity [kg:m™-s™]
oy : Numerical parameter of k [Dimensionless]
o, : Numerical parameter of £ [Dimensionless]
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